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W K 2E e, A AN : pH 5.18 (- -
K=1:25), HHLIF 44.92 g/kg, 44 3.06 g/kg,
4T 3.09 g/kg, 4% 15.45 g/kg, 134 Cd &
0.68 mg/kg, A% Cd % 0.14 mg/kg, T3 ALK
R, it 5mm i, SMEEIN CdCl,, {43 Cd™
Ak 0. 5. 50 mg/lkg (43 5#ric A Cdo. Cds.
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135 pH D R B H AL, RIFRHL 10.00 g 1-35
P T 50 mL = ffiirh, #HoKHefl 25 1A
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=AM, 7E 200 r/min fEi 52 °C ¥Rk 24 h )5,
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Primer (5 pmol/L) 1 uL, Reverse Primer (5 umol/L)
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#I M RDP Classifier 2 I 5T it 1751 )5
18 ANRE S —ILA5 5] 822821 AT, 1E 9%
AL R 3458 1324 4~ OTUs, HA435IM HE
il NHE AR5 K55 712 4~ 612 4~ OTUs.
Chaol F8%UFI Shannon $5& %043 5 52 WAk i A g A=
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Tablel. Alphadiversity of endophytic bacteriain the leaves, stems and roots samples of two ecotypes S. alfredii
Ecotypes Organ Soil Cd*"/(mg/kg) Sample number Read OTUs Chao 1 Shannon  Simpson
HE L eaf 0 HE-L-0 44682 214 249.69 5.27 0.96

5 HE-L-5 51366 45 56.00 3.80 0.86

50 HE-L-50 43105 111 118.86 5.81 0.97

Steam 0 HE-S-0 41761 41 43.80 3.60 0.88
5 HE-S-5 42919 48 72.43 2.98 0.77

50 HE-S-50 44799 49 53.50 3.88 0.90

Root 0 HE-R-0 53342 66 87.86 3.81 0.88
5 HE-R-5 46556 91 120.06 341 0.84

50 HE-R-50 46556 47 58.67 3.57 0.87

NHE L eaf NHE-L-0 49789 43 68.50 2.98 0.79
5 NHE-L-5 46472 17 22.25 2.52 0.75

50 NHE-L-50 50430 20 22.50 2.97 0.86

Steam 0 NHE-S-0 40563 72 94.75 4.89 0.94
5 NHE-S-5 43460 36 43.50 3.09 0.85

50 NHE-S-50 40748 208 223.33 5.51 0.96

Root 0 NHE-R-0 42403 93 113.33 4.73 0.92
5 NHE-R-5 53627 61 68.80 3.72 0.89

50 NHE-R-50 40243 62 94.50 2.97 0.78

& BEAE Cds 13 FRR(E 1). XIF NHE &
R, M AR R AR AR TR 1 3 5 FE R 22
Bt 48 C™ e B 3 I IR RAARG , (R 25 Hp 2 4
Y 2 8 RN ZHEVEAE Cdso 145 FIR K (3 1)
23 TEEETFWEN 2MAESHAERRN
PR A 4 O AV 5 A BRI
HE ZRF§ st KM i AR S RE VR 451 . HE R
SRR WA IHE T 1041, PLiwh s
JE B ] (Proteobacteria) . JEREE | ] (Firmicutes) ,
#1111 (Bacteroidetes) Fil it £k 1 [ ] (Actinobacteria)
(F 2-A) AL T T T AT 3= BE7E Cds 132 ik,
43 ) Cdo F1 Csp AL FR Y 162155411 L7215 (FE 2-A),
*FEEH T Alphaproteobacteria 474 AH X} 3= 2
BRI (& 2-B); 4k, Gammaproteobacteria
R P RE X 2 3 i 2 39 CdP e JEE A 8 o i 4 o (1
2-B) . JEERETA ] AHXT = Ji (32.40%) £ Cdso 145 I
K, HHh 2 B AT B 22 (K] 2-A); T8

NAKF- I, Cdy. CdsHl Cdsp 135 4351 L) Bacilli
4 . Negativicutes 24 F1 Clostridia 24X A X 3= B B
K(E 2-C)o HUFFRRT TR F2BELE Cds L3 I #%
KK 2-C), 7£ 3 13 ¥ 1) Bacteroidia 44 51
P&l 2-D) o LA THYAXS FRETE 3 A 4% F iy
ZE AR E(E 2-A), HADX 3w R iy 34k
Actinobacteria X (¥l 2-E).

RDA I3t & BR(K 3-A), 2B—4Anes A5
A LU RE 67.4%F01 32.6% HE Z<mg §ERAM F A4
A BETE SRR, Ak Cd™ &
R CAP YR EE IR AR K, A3l LAfR AR HE
KPR R N A AN TR TP 45 H . 65.0%711 64.7%
R4 fk, [RlEF, Gammaproteobacteria 44, Clostridia
441 Negativicutes 4034 5 - F Cd** ¢ &, 3 Cd**
W E 25 IEAH S G R (P<0.05) o #UUAF I 1] H Y
Bacteroidia 49 5 A+ CA*#kiF | +4% Cd™" ¥k | 1k
Pri . tRE A OARSCCR, (HIRAIRF B E K.
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Figure 2. Profiling histogram of endophytic bacteria in leaves of two ecotypes of S. alfredii at phylum and class
levels. A is profiling histogram of species at phylum level, B, C, D and E are the profiling histogram of
Proteobacteria, Firmicutes, Bacteroidetes and Actinobacteria at class level, respectively.
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AR sRMFNAEMEAET 5 1, BB R
1 JERETR ], R BT TR A 1R 1]
(Acidobacteria)(El 2-A). ABJE T AIX =F EEAE
Cds 13 I 35 5 (46.77%) , {H 3 Ff + 3 3L
Gammaproteobacteria ¥ A X = ek, AT
FBETE Cds T4 I 155, Cdo Fl Cdlso -4 [ %47
B ZER(E 2-B), JEBERTHYAIX FBEAE Cdso
TR KK 2-A), EZE N Negativicutes 2 Fll
Clostridia Z0(/& 2-C); 7£ Cdo fl Cdso -3 I,
Negativicutes 4 () A% 3= fe ey, 1M Cdls 1+ 4% 1 D)
Clostridia 4N F s (B 2-C). +3E Ccd™
W RE DA B 1] B ARG = B B35, {HAE
Cdo fll Cdso 133 #4714 Bacteroidia 24X (1 AH X =F i
K, MifE Cds 133 L Sphingobacteriia 474 4H
X 4 BE e K (] 2-D) o 7 3FhANIR] Co* ik i 3% I,
AT TR XS B B 3 2 5 (K 2-A), HF
%R Actinobacteria 2¥(/¥l 2-E).,

RDA 73 #r & BL(F 3-B), 25— A% 47
ST LU NHE 2 B 55 K 7 v o Az 4 T
45Fy 95.6%7F1 0.4%H) 7284k, Hor bk i AR R B
A= i 43 0 T LA R 88.1% 1 59.5% ZE AL ;
Gammaproteobacteria 4951 A Cd* & & . 11
CA Wk B ¥ LA R, S A 2B
MY R BUEASEE R, Clostridia 445 H @ e
2 Uk C K &R (P<0.05) . Actinobacteria 4451 A
Co* ik, L4 CAWREERUEMICRR, S4EY
M MXER, Bacteroidia 445 Hk R BT A G
K&

24 TIEBETFWEXN 2FASARERREN
A IR SR R

HE AR 5tR 22 N A RER 450 . HE &K

M RZENAMEIHE T 94T, AT Hh

I JEREE ] AR T T A i 1] (&
4-A), L TAXT FBEEAE Cdo 135 R E
T Cds Al Cdso 4L B, 73-51J& Cds Ml Cdso 4L BE [
2.67 f5F01 2.32 15 (%1 4-B); Alphaproteobacteria #4
AT EEAE Cds A Cdso -3 | 35 8/0, M
Gammaproteobacteria X 1 HHXT S Fifi % -1 Co™
W EE 1G] 4-B) o JEERETE TR ARXS - BE
Wi 3 CAP VR B g (& 4-A), HAE
Cdso 13 FRAHXTF 535152 Cdo #1 Cds AL B
2.56 % H1 1.25 1%, X F L2 Clostridia 49
Negativicutes 441 AHX] = B i Z 3 m (K 4-C). [A]
B, BUFFEET TR F RS 38 Cd™ Wk I 1 3
g n(E 4-A), JLIHIZ Bacteroidia 4919 AR 4
JERG N R 3% (B 4-D). BT 1A FEE7E Cds
T S T AL 2 MR PR(E] 4-A), (HAE 3R
B3 |, ¥PL Actinobacteria (5 E#(& 4-E).
RDA 43 BT 19 575 — Sh 127 — b 43 301 ] DA g B
HE RHg 5 K25 N AR AR IE IS 45 T 1Y 84.6%0 1
15.4%7% Ak, , Forh 252 it M 1) S A o o 3 i
BT 83.690H11 83.7911 P A= 2 T FHE P A5 F Y A2 AL
(Kl 5-A). X HE 7R 5 KA SRR 2540 A . 2
SZ ) A R R RE R ] A9 Negativicutes
94 . AT ] % Bacteroidia 40 FIER T 1H (1)
Actinobacteria 4, BT Sk EEYR .
B D R 3 CAP Mk E 25 Co™ B e
XK F, {H Alphaproteobacteria 447#1 Bacilli 445 it
A IR R 1 i 2 67 R O ¢ 22 (P<0.05) (&1 5-A).
NHE 7R B st R 22PN AE A VR 4514 . NHE
KRR RZENAMEIHE 1147, SR w2
BT, R WA TR ], e
BRI T ARG T BE Bt 25 4 CoP vk B A 38 S 38
R (B 4-A), TEDKY-, 3 FbHLZ [A] 0 22 57
2%, Hrp Cdy 1 Cdso 4bHH L) Gammaproteobacteria
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Figure 4. Profiling histogram of endophytci bacteria in stems of two ecotypes of S. alfredii at phylum and class
levels. A is profiling histogram of species at phylum level B, C, D and E are profiling histogram of Proteobacteria,
Firmicutes, Bacteroidetes and Actinobacteria at phylum level, respectively.
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SRR B v (9 h 17.86%. 13.54%), Cds
A3 1) Al phaproteobacteria 47 (17.60%) F AH X 7
B (B 4-B). JREBETAT T AR S BBl + 52 Cd™*
W B BB s (] 4-A), HAE Cdo 358 (A X
R RIA 43.34%, 735102 Cdo Fl Cdso 4L H1 (1Y 1.28
fEF 1.65 55 #F 3 FhH3% I, #LL Negativicutes
207N Clostridia 49H9HHXTF B R (K 4-C). #UFT
BRI T AR = B Rl 09 Co™ Wk B A 3G i A
EEARE(E 4-A), TR DA T TR FE EE R 1
e CoP kRGN RE m (& 4-A). RDA 43#TH)
SF— RIS ok 3 51 AT DA RS NHE A< rg 5t R ZE
A TRV 254 (497K SF) 83.19%11 16.9%F9 251k,
Horb R AT DU 42.0%F 25 N A 41 T A VR 45
¥y A5 4k (K 5-B), . Gammaproteobacteria 44 Fil
Bacteroidia 2¥43 5| Sk E BUEA R, (HE2E
B A G G £R, Actinobacteria 445 1 4
CAd'We i . 25 CA* s mMIE R, HEZXE
Wik, BAYREETEEER,
25 THEBETWREN 2MAESHARERBR
DA A 40 R 7RV 5 44 B R T

HE #<Fg 5t KR R AL BFE 2500 . HE 7R
MR RIRANAEMNE FLHE TR, JERE
IR R R IR € P A N R DS R o
B+ CA™ vk B M3 I FAR (& 6-A), Hoep
Alphaproteobacteria 24 1 #H X 3= & 7 Cds 13 15
7, Betaproteobacteria £ i) A X} = B B % 1 1%
Co? vk Ji A4 i P4, i Gammaproteobacteria
PFXTEEE 3 MO Z A B E 5 (K
6-B). JERERR | AARRT 32 HE it 119 CoP* vk i 34
i n(E 6-A); #E Cdo. Cds I Cdso 1235 157351
PA Negativicutes 44, Clostridia 4XF1 Negativicutes
W AR =F B e (] 6-C) o SUFF BT T B AR X 2

L 39 Co™ v i (3 i imi 3 Jn (&1 6-A), 3 Fh
AbFEFTLL Bacteroidia 491 A B iz i (K] 6-D).
T T TR FE R B 4 Co™ ke JBE B 38 i
B/ (F 6-A), 3 Fh Cd* 14 4L Actinobacteria
9 i (# 6-E), HHAE Cdo T35 b HyAIR F B2
B3 T HAL 2403 . RDA TR B, H—fh
FEE 83 T LA RE HE ARBE s RAR R AR
R VA 45 71.2%F0 28.8%I1) 251k , HoHh 418 Cd**
ST LU B R N A AT 67.4% 1Y 78 Ak (]
7-A) . Alphaproteobacteria 24 #1 Clostridia 4935 51R
FAEYE . MREBIEMIEE R, Bacteroidia 245 +
He CA™ VR E MR Co™ VR FE B 5. 1E A 5% (P<0.05) ,
Actinobacteria 45k . MRAEYE . BAYE .
I CA R . MR CA™ i R UG (8] 7-A).

NHE 7R st KR R N AE A IE VR 4514 : NHE
AR R RNEME LA BIEE], JERE
B AR ] Z8IE T TR AR B 7E Cds +
e bR, 43 BilJE: Cdo il Cdso b B 3.56 1% AT 2.03
f (& 6-A), JtHZ Alphaproteobacteria 24 )+ %}
A 59.35% (/&1 6-B). Fifi#F 4 CA Wk EZHY
K, JREETE T TRARXS 2 I (K 6-A); 7E Cdo
13 I Pl Negativicutes 24X i A XT = e ks 7E Cds
Ml Cdso 13 I, 2H—{L# N Clostridia 44([&]
6-C). FUFFIET T AT F= FEREF 13 Cd™ ik i 1
A REEAZ, 5 — L H F 4914 ) Bacteroidia
(K 6-D). 7 3 Fh A3 b, LWL
Actinobacteria 24 i 5 XL # (¥l 6-E), 7E Cdo
Cds T3 FAHX F A & 225, MAE Cdso T
B, MR R RRE

RDA 73t & B, S — b AN e o3 ) n] LU
R R N A2 T 78.2%F1 21.8%I1 784k, FE 221k
s, oAl LR 65.8%0 221k (B 7-B).
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Alphaproteobacteria 445 + 3 Cd*" ¥ Ji¥  #i & Cd**
SRWMAELR, Clostridia 405 #3 L ¥)& IE
MXRR, HE5 L CoWE . WA CFRL
AR R . Actinobacteria 495 13 Cd™* e |
HRFR CA™ & i i 3 TEAR G 6 3 (P<0.05).
2.6 FRIET 2 ESERBE R RN A HNEE
TE LA B LU

£ Cdso 13 |, HE R 5t KA KRR, NHE
AM SRR IE R K, (HHARKZH—E Ml
il , AW AT FRREAG; [, HE ZB 5t R AYAR
L ZERI 4 8h CdP R R T NHE 737

FR. NTIHRFEGHYRERE S HE KRR
SRR CA™ 06, FRATEEHL Cdso AbFEE HLAL
2R ST R ORI AE RTE B AT 25 53R 2)
Escherichia/Shigella J& . Veillonella J& Fli
Bacteroides & A 7E HE Zsrd 5t KM R FpAHYS F
BB EKT NHE, {H HE KB 5 K i
Sphingomonas Ja& 4 & 1 A X 3 5 KT NHE; it
4, A 6 /& (Sphingobacterium, Haemophilus,
Aguabacterium . Lachnospiracea. Brevundimonas
F1 Sreptococcus) i (U H B HE 4w 52k frep

(# 2).

F2 2MESBEERERERE Cd” s LIELARELTFHENFEEXTF 1%0EE
Table 2. Genus with relative abundance greater than 1% in different tissues of two ecotypes of Sedum

alfredii in Cd**s, soil

Leaves Stems Roots
HE/% NHE/% HE/% NHE/% HE/% NHE/%
Escherichia/Shigell Bradyrhizobi
(fg;lr)'c' '9%'2 \killonella (28.81)  \eillonella (27.71)  \Veillonella (22.43)  Veillonella (36.8) (503)" 2001um

Escherichia/Shigell
Veillonella (13.60) scherichia/Shigella

(21.19)
Faecalibacterium .
(9.95) Bacteroides (10.17) (11.40)
Bifidobacterium Faecalibacterium Sphingomonas
(7.25) (9.32) (9.05)
. Bifidobacterium Faecalibacterium
Sphingomonas (6.93) (8.47) (6.82)
. Porphyromonas Bifidobacterium
Bacteroides (6.04) (5.08) (6.82)

Sphingobacterium

(2.28) Prevotella (4.24)

Neisseria (2.79)

Gp6 (1.68) Sphingomonas (3.39) Klebsiella (2.46)

Haemophilus (1.55) Megasphaera (2.54) ('\16;2;4 obacterium
Aquabacterium
(1.45)
Lachnospiracea
(1.30)
Clostridium (1.25)
Brevundimonas
(1.23)

Sreptococcus (1.08)

Clostridium (1.69)

Gp6 (1.69)

Bacteroides (18.21) Faecalibacterium

(6.74)

Escherichia/Shigella Escherichia/Shigella

(6.31)
Sphingomonas (5.82)

Gp6 (5.76)

Bacteroides (4.65)

Clostridium sensu
stricto (3.05)
Bifidobacterium
(2.86)

Bacillus (2.12)
Prevotella (1.98)

Truepera (1.20)

Sphingomonas
(14.88)

Prevotella (8.8)

Bacteroides (7.36)

Escherichia/Shigella
(3.68)
Methylobacterium
(352
Bifidobacterium
(2.88)
Faecalibacterium
(2.56)

Clostridium sensu
stricto (2.56)

Bradyrhizobium (2.4)

Klebsiella (1.44)

Megasphaera (1.28)

Methylobacterium
(5.10)

Ralstonia (4.37)
Rhodococcus (3.28)

Sreptomyces (3.10)

Escherichia/Shigella
(2.19)

Bacteroides (2.19)

Mycobacterium
(2.19)

Delftia (2.19)

Faecalibacterium
(2.00)

Rhizobium (1.82)
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2P AR AR g s R 22 L Veillonella & 4
TR AR FRE RO, (HHAE HE AR st K2R
AIXT P 5 F NHE, 348 (Neisseria, Klebsiella,
Methylobacterium) 2l i {2t BRAE HE 7R 5= K25
v [A] B}, Bacteroides. Escherichia/Shigella .
Sphingomonas, Faecalibacterium £ Bifidobacterium
JBATETE HE AR5 R 22 ay X F B T
NHE (% 2).

HE Fl NHE Z<pg 5t RAR R 034 12 4SF
11 @A FEE & T 1%, Bl EE HE /R
MoK P A 7 AR R 20 (Veillonella
Sphingomonas . Prevotella . Bifidobacterium
Clogtridiumsensu stricto, Klebsiella, Megasphaera),
Hrp Veillonella, Sphingomonas #1 Prevotella Jg& il
TR AR X 2243 ) s 36.8% . 14.88%. 8.8%.
A, HE R 5 KM &R Bacteroides .
Escherichia/Shigella, Faecalibacterium J& 41 B A% 41
Xt =E B ¥y K F NHE, 1 Bradyrhizobium #l
Methylobacterium J& i I (1) AR X =F B2 /T NHE

(3 2).

3 ik

TP A T R TR 98 2 R RN 2 52 1 A
GEEA AERAL REMNB . BRI #EF)
AR IR . W . SRS Yk
DA RN — ST AR, AR E
REVERE , fi5 B A FREE 0 A0 R o g
HE I NHE AFg 5 KX E 4 )@ Cd™ ry itk . Wl
MR EZFEE, H HE Rt R AR .
2R RS T A AR AT, — ey A
W BEMEDE AT S R K AR R Zn Fn Cd™, 4%
M, HEGFRAT 2 Fp Ak SR AR R 50Kk N AE R A
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ESE T MR A, B, ARRESE R
llumina MiSeq #5382 FiF58 14 Co™ V54K
X 2 R ARSI R AR L R R P AR R
TR L5 B

Bt 139 Co™ ¥k B 3 i, NHE ARE 5ER 1
K ZE—Z G, WA ZRg8if cd™
AR 1), HANEREWN T M
BERARGER 1), 2811, 24 HE A p 5 RAE KAE Cds
M Cdso +48 0, HEEFR RPN FEE
JERM T Cdo A0FR, BRI R N AE TR Y - B
fXT Cdosb¥, {HA-KAE Cdso 13 Y HE A
SRR NAE R R e Cds APy 2 f%, N
A2 A Y 2 FEPE L 25 R T Cdo AT Cds AR B (R 1)
HIFHR e T NHE 4B 5 REA 20 e Cd™
WRAmEES, —JriE, REFERYHLH Ch
B, HARARU T RE A AR A, DA [ 42 b 5
FHNAME MG 5 —Jrm, MR R
IV CAP L JEAE AR AR A T B
J1, —SERBEIEN Co™ e BT RE A B0 I Bl
TR, I FBON A TR Y F 5 BE AR, Wel 55
(2014t R B, R 38 Mn ¥REER N, Rk AR
P AR TR BB B IR SR, HE Z3rg 5t R0
Cd* A fRam Al . BRI EERE 7P, HAEE M
B CA B, HAERARBEIER, il 2L
Y5 INAE R PSR AE R O E B A SR (B 1) AT, #F
TR R AZEd C AR S m, HEAMN
A E G N Cd il , IM7ER Cd™ 3 T
WHA TG Rk, MK Cd™ 5L,
HE 7R R 5¢ K (9 P9 A 40 T = B2 S s o A ods
KRB, AT 5 KA A 414 43 B 4l Ak 14 K38 4
A BRI B B B R, T 144N
PRAT AU 1AA, 6 Bl RE Al S R BEIRES , 3 P TAIE
RES™ AR, - S X 2 P A D RE A i 7R
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KA KRR R R B A e A
WA SAMRI2 J5, AR s RIANTE 4R Cd™
WREYGE TN, JF HAEYAEY R AR RIEL K
HE 2 T AR IR, [ B G 00 28] 4 Ao i A AL IR (O
MR . ATERERFIBEIAMR) & A, ] SAMR12 1]
I AR . R BRI S (2 2 A R Y
AR Y 2, LU E SR
)RR 3R X0 00 PN A A T ) R 5 R AT SR A 5
M. RDA ik, AKrgstknmt, 25, RN
AT R 4 H AR A K R AT IN CdP iy 5 i
(3. 5. B 7). BN, ki 1 CdHkE
(3, HE 7R K0T R A= 4 fn CoP* 75 g
Jn(KEl 1), Gammaproteobacteria 4471 Negativicutes
A0 AR 3 B kB (] 2-B), Clostridia 4497
Cd*'sp 13 1 (AR EREILIE AT Cdo 1 Cds -
. RDA Zrirti B8 HE Am 5 K A9y
Gammaproteobacteria 44 . Negativicutes 24 il
Clostridia 403551 - Co®* & . -4 Cd® W JiE ik
B 2 1E A 5¢ ¢ & (P<0.05) ; Negativicutes 4 .
Bacteroidia 5 -4 Cd®" ¥k EE 125 Co™ & it i IEAH
K (Bl 3),

£ 3FR[E] Cd®" 5 YK F- L3 I, HE FIl NHE
REsRM . 22 MAENERS, ERE LS4
XPOEF, TR ZRER | TR T (K 2) WF5EE
11 B0 Ni FFL ZAEY) Thlaspi goesingensd™® | As #
TR Z2HY) Pteris vittata F1 Pteris multifidal®! [l
L 58 A8 4 20 4 4% (Populus deltoides)*® | 48 It
(Arabidopsis thaliana)™ . Halimione portulacoides [/
BN AR LUV R 1o 5. 78 Cdo 1% |, HE
R R 2R 410 Alphaproteobacteria
AR FEEE A s NHE ZREg st Ryt . Z5RIR
Z I LUEEEH T HR Y Negativicutes 45 A AH X
JEfe . fE Cdso 13 I, HE ZREds R L

Gammaproteobacteria 24 AHXT £ B fe iy, ZEAIR
Z L)L Negativicutes 20 B AT B e ; NHE 4%
R 7 AZE R — A N Negativicutes
4, HMRFRT 42.81%0 7SI TERHI K AN RE 4
FE o 31X HL-FFRUCE B N A= 0 B ARV A 32 18 AR
SRR . RDA S-HT R, HE AR 50R
AR Gammaproteobacteria 4451 H Cd* &
. HHE CAPHREE I IEARSC G R (P<0.05), i
NHE #mist KM H 7 #Y Gammaproteobacteria 4%
bR Cd o 3 CA R Y R 56 6 R
(Bl 3); HE ZRrd s K221 Negativicutes 49525
() Cd®* &rik .+ CAPWRIEXMUEMC R, M
NHE 41 5t K 2X 1) Negativicutes 2852517 Cd?*
it 13 CP MR BUAISEE R (A 4), BT IR
KIL, TERHE(Cds)REE T, Escherichia/Shigella J&
(Gammaproteobacteria 2¥) . Veillonella J& (Negativicutes
44) . Sphingomonas J& (Alphaproteobacteria 24)
Bifidobacterium J& (Actinobacteria 44) 55 7 HE 4 /4
FORM . 25 W HLEXHEEER 2), XEEEN]
RER AR SR MAE KA T, 25 CA Rl .
TR A B AR PACH S A . DIPTSR, AR
Sphingomonas SaMR12 7] LA 4 e s K A= KRGt
SRR R (FRBRE R, H AT WA &
TRy BsFlifl, Escherichia/Shigdla. \eillondla Fi
Bifidobacterium J& (1 41 7
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Impacts of cadmium on the diversity of endophytic bacteria
associated with hyperaccumulating and non-hyperaccumulating
ecotypes of Sedum alfredii

Shuhua Zou, Pingxiang Deng, Xinxian Long’

College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, Guangdong Province,
China

Abstract: The effects of heavy metal stress on the community structure of endophytic bacteriain plants are not well
understood. To date, few studies have investigated the response of community structure and diversity of endophytic
bacteriain hyperaccumulating plants to heavy metals present in soil rhizosphere. [Objective] The objectives of this
study were to explore the changes and differences in community structure and diversity of endophytic bacteria in
roots, stems, and leaves of hyperaccumulating (HE) and non-hyperaccumulating (NHE) ecotypes of Sedum alfredii
under different levels of Cd** contamination; as well as to explain their differences in ability to tolerate and
accumul ate the available cadmium by the two ecotypes of Sedum alfredii, based on the mutual relationship between
plant and endophyte. [M ethods] The community structures of endophytic bacteria in the roots, stems, and leaves of
the two ecotypes of Sedum alfredii grown on soils with different Cd** concentrations were analyzed by 1llumina
high-throughput sequencing technique. [Results] High concentrations of Cd?* inhibited the growth of NHE Sedum
alfredii and decreased the richness and diversity of endophytic bacteria, whereas it promoted the growth of HE
Sedum alfredii and increased the richness of endophytic bacteria in stems and roots. Among the three tested soils,
the endophytic bacteria in leaves, stems, and roots of two ecotypes of Sedum alfredii were al dominated by
Proteobacteria, Firmicutes, Bacteroidetes, and Actinobacteria. For HE Sedum alfredii, the relative abundances of
Gammaproteobacteria, Negativicutes, and Clostridia in leaves as well as Alphaprotecbacteria in stems increased
significantly with the soil Cd®* concentration, whereas the relative abundances of Clostridia decreased significantly.
For NHE Sedum alfredii, with the increase in soil Cd?* concentration, the relative abundances for
Alphaproteobacteria, Gammaproteobacteria, and Clostridia in leaves did not show significant change, while those
for Negativicutes in stems as well as Betaproteobacteria and Clostridia in roots decreased significantly, and those
for Negativicutes in roots increased significantly. In highly Cd**-contaminated soils (50 mg/kg), the relative
abundances of Sphingomonas in leaves and Veillonella in stems of HE Sedum alfredii were higher than those for
NHE Sedum alfredii. Meanwhile, the first, second, and third predominant endophytic bacteria (i.e., Veillonella,
Sphingomonas, and Prevotella) that were present in the roots of HE Sedum alfredii did not appear in roots of NHE
Sedum alfredii. [Conclusion] The Cd**-contamination level in soils had significant impacts on the community
structure of endophytic bacteriain leaves, stems, and roots of the two ecotypes of Sedum alfredii.

Keywords: Sedum alfredii, endophytic bacteria, available cadmium
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